study of documented workplace violence incidents in a US hospital system. 16 Furthermore, in a study of 112 hospitals participating in the National Institute for Occupational Safety and Health (NIOSH)
Occupational Health Safety Network (OHSN), nursing assistants were more likely to experience workplace violence injuries than workers in other job categories and sustained more than twice the injury rate of nurses for workplace violence injuries. 17 Within hospitals, certain departments or types of unit, including emergency departments, 9, 18, 19 have been found to present increased risks for violence against HCWs. A 2015 NIOSH study also showed that, among OHSN-participating hospitals, workplace violence rates were highest in inpatient adult wards, outpatient urgent and acute care
areas, emergency departments, and adult critical care departments. 17 In hospitals, as in most other healthcare settings, workplace violence is most commonly perpetrated by patients or visitors, 2, 3, 8, 14, [20] [21] [22] [23] a category of workplace violence referred to by researchers as Type II violence. 22 In this study, we aim to provide an updated and more detailed analysis specifically of workplace violence injuries among workers in a non-random sample of US hospitals by analyzing data submitted by participating facilities to OHSN during the initial 4 years of its operation, 2012-2015. We describe the incidence and distribution of workplace violence events and associated risk factors among workers in OHSN-participating hospitals.
| MATERIALS AND METHODS

| Study design and population
To characterize the nature and extent of workplace violence injuries in OHSN-participating hospitals and to identify potential risk factors, we analyzed workplace violence injury surveillance data submitted to OHSN from January 1, 2012 through December 31, 2015 . OHSN is a voluntary system created by NIOSH to enable inpatient healthcare facilities to promptly and securely track occupational injuries by injury type, occupation, location, and other factors and to share these data with NIOSH. Although it includes a diverse group of hospitals with considerable variety in terms of geographic distribution, urban versus rural location, medical school affiliation, facility size and type, OHSN
was not designed to be a nationally or otherwise representative network of hospitals. At the time this study was conducted, OHSN enabled participating facilities to track any or all of three categories of traumatic injury to healthcare personnel: slips, trips and falls; musculoskeletal disorders resulting from patient handling and movement events; and workplace violence. Health care facilities upload existing, de-identified occupational injury data through OHSN's secure, web-based data portal. Participating facilities have the option either to use OHSN-provided data collection tools to record injuries reported by employees and contractors or to convert injury data files in their own preexisting databases to standard OHSN data elements using the OHSN data conversion tool upon upload. The OHSN data elements are designed to characterize first the occupation and other demographics of the injured worker; second, the type, severity, cause and location of the injury; and finally, information on the circumstances surrounding the injury occurrence. Standardization of data across all facilities allows comparison within and among facilities.
As of the end of 2015, there were 116 facilities that participated in OHSN by submitting data on at least one occupational injury category for at least 1 year between 2012 and 2015. Participation in OHSN requires that facilities submit at least 3 months of data in a given calendar year. For this study, we included data from facilities that provided at least 3 months of data in a given year between 2012 and 2015. This study included data on all workers in participating health care facilities, with or without duties involving patient care. In our analysis, we described the distribution of workplace violence event characteristics and calculated incidence rates and incidence rate ratios for occupation, year, and selected hospital-level variables.
| Variables
The case definition used by OHSN facilities for reporting workplace Additionally, because our data consisted of events clustered within hospitals, with some covariates measured at the hospital level, our model was partially ecologic. Therefore, to account for the hierarchical structure of the data, we fitted a generalized multilevel, multivariable model using the SAS GLIMMIX procedure to estimate adjusted IRR for all independent variables (fixed effects), while specifying hospital as a random effect. In the multivariable analysis, event year was analyzed as a continuous variable to evaluate trend, with the IRR representing the average annual rate change over the study period.
All analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC).
| Ethics review and approval
The NIOSH Human Subjects Review Board determined that the activities in this study were conducted to provide information on how to tailor a proven-effective intervention, service, or program in a specific setting or context and did not meet the criteria of research according to 45 CFR 46 .1101(b)(2). The majority of workplace violence events had either "unknown" injuries where the type of assault was reported, nearly all, 98.5%
| RESULTS
From
(n = 1229), were physical assaults against the HCW.
For the analysis of workplace violence incidence rates per 1000 Further analyses of workplace violence injury incidence rates by event and hospital characteristics were based on a total numerator of 3055
cases, however, because we excluded 129 events that could not be classified due to missing occupation or other covariate data.
Crude workplace violence incidence rates and bivariable IRRs by occupation, event year, and hospital type, hospital ownership, hospital size, location, and medical school affiliation are shown in Table 2 . We also present the IRR for the nurse FTE to average monthly admissions ratio, the continuous staffing level proxy Of the hospital characteristics we examined, hospital type, ownership, size, and location were significantly associated with the workplace violence injury incidence rate in bivariable analyses; medical school affiliation and staffing levels were not. General and children's medical and surgical hospitals had similar rates, but other types of facilities had significantly lower rates compared to general medical and surgical hospitals. Publically owned hospitals had significantly lower rates that privately owned hospitals. Compared with small hospitals, large hospitals had significantly lower rates. Compared with those in metropolitan areas, hospital in small urban (micropolitan) areas had significantly higher workplace violence incidence rates.
In the multilevel, multivariable model that took into account the effects of all covariates simultaneously, as well as the random effect of hospital, only occupation, hospital ownership and event year remained significantly associated with workplace violence incidence rates (Table 3) . 
| DISCUSSION
In this, the first study to focus on workplace violence using aggregated surveillance data from OHSN, we have summarized and characterized type of assailant, and type of assault-variables critical to both understanding and preventing workplace violence. We cannot discern from the data whether this information truly was not or could not be ascertained of these events or whether the data were available but either never recorded or never entered in hospitals' electronic data collection systems and thus never submitted to OHSN. But it is clear that focused efforts on the part of both participating hospitals and OHSN should be undertaken to improve data collection. In the former case, more investigatory resources need to be brought to bear by hospitals' occupational health personnel when workplace violence events occur. In the latter, improved data collection tools and informatics systems should be developed and implemented. Effective prevention depends on useful surveillance data and OHSN will not be able to realize its full potential as a prevention resource without improved data collection and reporting on the part of hospitals.
Our analysis of event characteristics that were reliably collected indicates that workplace violence is a serious and increasingly common problem in participating hospitals and that nurses and nursing assistants are at the highest risk for injury. Workplace violence in healthcare generally, and in hospitals, in particular, has been recognized as an important occupational hazard for more than 2 decades. 11, 12, [26] [27] [28] [29] The rate of such injuries in hospitals, however, continues to increase more steeply than does the rate for all US industries combined. The rate of non-fatal workplace violence injuries involving days away from work in US private sector hospitals rose 39% from 6.4 per 10 000 FTE in 2011 to 8.9 per 10 000 FTE in 2014. 13 By comparison, the rate for all US private sector industries increased 31% from 1.3 to 1.7 per 10 000 FTE during the same period. It is important to note, however, that our analysis of occupationspecific workplace violence injury rates could not be done at the department or unit level because only facility-wide denominator data were available. The wide disparity between nurses' and nursing assistants' workplace violence injury rates may not exist at the unit level, that is, when exposure is taken into account. Most hospitals employ nurses in a number of positions that involve little or no patient contact, for example, administration, training, education, and quality assurance. This is not often the case with nursing assistants. It is also possible that nursing assistants are disproportionately assigned to high risk settings. The inclusion of nurses working in lower risk settingsrather than occupation-specific differences (other than the opportunity to work in a wider variety of positions)-could account for the observed difference in their workplace violence injury rates relative to nursing assistants. In equivalent exposure settings (eg, at the unit level), the observed disparity may be attenuated or not exist at all.
A number of risk factors for workplace violence in healthcare settings have been identified: patient (eg, cognitive impairment, substance abuse), situational (eg, transporting patients, poor lighting), and organizational (eg, long wait times, understaffing, high staff turnover). 3, 7, 14, 22, 31, 39 Many of these are likely to apply disproportionately to both nurses and nursing assistants. But the fundamental mechanism underlying both nurses' and nursing assistants' high workplace violence injury rates is likely to be their more frequent, prolonged, and direct exposure to patients compared with other hospital workers. 2 The majority of workplace violence in United States hospitals is Type II violence, where the assailant is either the object or recipient of services (ie, the patient). 2, 3, 8, 14, [20] [21] [22] [23] In our analysis, the identity of the assailant was rarely reported. Nevertheless, there is some evidence from the data to suggest that the predominance of Type II violence holds true of OHSN-participating hospitals too. First, in the 15% of cases where the assailant type was reported, 95% were patients. Second, over three quarters of reported workplace violence injuries occurred in patient care areas (inpatient, outpatient, radiology). Our finding that the most common known departments where workplace violence injuries occurred were adult wards, the emergency department, critical care units, and behavioral health/psychiatric wards is also consistent with findings from the existing literature. 2, 22 Finally, nearly 60% of workplace violence injuries occurred in locations where direct patient care is performed, including patient rooms (52.8%), and examination rooms (6.2%). Without improved data collection, however, we cannot with any confidence evaluate whether this is actually the case.
Other than the identification of location in high-crime areas as a risk factor, 14 relatively little is reported in the literature about the association of hospital-level characteristics with the risk of workplace violence injury, although several work-organizational factors, including inadequate staffing, long patient wait times, poor safety culture, and a lack of staff empowerment and shared governance have also been associated with increased risk of workplace violence. 3, 39 In a study of 138 Veterans Administration facilities Mohr et al, 40 observed that facilities located in urban areas, with larger bed sizes and without teaching hospital affiliations, had higher workplace violence rates.
In bivariate analyses, four of the six hospital characteristics we examined-hospital type, ownership, size, and location-were associated with the risk of workplace violence injury, but mostly not in ways that would fit plausible hypotheses about the relationship of hospital characteristics with workplace violence injury risk. OHSN-participating hospitals other than general medical and surgical or children's hospitals had significantly lower workplace violence injury rates compared with general medical and surgical hospitals. This is at odds with evidence that psychiatric and rehabilitation hospitals typically have higher workplace violence injury rates than general medical and surgical hospitals. 13 The three publicly owned hospitals in our sample had significantly lower workplace violence rates than private hospitals, which is inconsistent with national data suggesting that workplace violence rates are higher for HCWs in the public sector. 13 Compared with small hospitals, large hospitals had significantly lower workplace violence injury rates. The lack of a consistent "dose-response" (in either direction) relationship between hospital size and workplace violence argues against the temptation to imagine either that larger, busier hospitals with more and higher-acuity patients are at higher risk or that smaller hospitals with fewer prevention resources are at higher risk.
Small urban (micropolitan) hospitals had higher workplace violence injury rates relative to urban (metropolitan) hospitals, which is inconsistent with the idea that hospitals in more urban areas that might be in closer proximity to or serve high-crime areas would be at higher risk. A prospective study by Kowalenko et al, 40 found that workplace violence rates for emergency department personnel in suburban (ie, micropolitan) hospitals were similar to those of emergency department workers in urban hospitals and level-one trauma centers. Unlike Mohr et al, 6 we did not find medical school affiliation to be associated with workplace violence rates.
Our multivariable model simultaneously adjusted for the effect of each of these hospital-level factors, as well as occupation, study year, and the random effect of hospital. Only one, hospital ownership, remained significantly associated with the individual, person-level risk of workplace violence injury, with public hospitals having lower rates.
However, only three of the hospitals in the OHSN sample were publicly-owned. Occupation and study year (ie, trend) remained as significant predictors of risk, with nurses and nursing assistants being at increased risk and physicians, pharmacists, respiratory therapists, lab, and radiology technicians being at lower risk relative to non-patent care personnel. Average risk across all occupations increased each year.
| LIMITATIONS
This study is subject to at least five limitations. First, OHSN is a non- Finally, small sample size may have limited the ability to detect some associations, especially in subgroup analyses.
| CONCLUSION
Lessons learned from an analysis of data from the first four years of OHSN's operation include the need for improved and more complete collection of data on several characteristics of workplace violence events (eg, severity, assailant, type of assault) critical to both understanding and preventing workplace violence on the part of hospitals. Focused efforts on the part of both OHSN and participating hospitals should be undertaken to improve data collection. Future development of the capacity of OHSN to produce department-specific rates should also be considered. Implementation of these measures, resulting in more robust reporting with fewer unknowns and the ability to conduct department-specific risk evaluations will improve the utility of OHSN as a prevention tool for hospitals and researchers.
Findings from our analyses also indicate that nurses and nursing assistants had substantially higher risk for workplace violence injury than other occupations, with nurses accounting for the greatest number of workplace violence injuries and nursing assistants having the highest overall rate of workplace violence injury. We also found that, across all occupations, the average risk of workplace violence injury increased annually by 23%.
The former points are perhaps most important because effective prevention depends on useful surveillance data. Evidence from studies of hospital-level workplace violence prevention interventions has been mixed. 2, 43 There is some evidence for the effectiveness of certain administrative measures such as "flagging" the files of patients with a history of violence against HCWs 3,44 and more recent research suggests that comprehensive, data-driven prevention programs that include educational, organizational, medical, and structural components may reduce the incidence of workplace violence. 1, 6, 18, 45 However, more empirical evidence is needed to support the efficacy of most elements of the currently proposed strategies for reducing workplace violence and to identify the most promising among them. 
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